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Genome Sequence of Mycobacterium tuberculosis C2, a Cerebrospinal 
Fluid Clinical Isolate from Central India 
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We report the annotated genome sequence of a Mycobacterium tuberculosis clinical isolate from the cerebrospinal fluid of a 
tuberculous meningitis patient admitted to the Central India Institute of Medical Sciences, Nagpur, India. 
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Tuberculosis (TB) is a major infectious disease that kills mil- 
lions of people, mostly in developing countries like India (1). 
Among tubercular infections, tuberculous meningitis is the most 
common form of neurotuberculosis caused by Mycobacterium tu- 
berculosis (M. tuberculosis) bacilli and the fifth most common 
form of extrapulmonary TB (2-4). The identification of sequence 
diversity in M. tuberculosis would provide a basis for understand- 
ing pathogenesis, immune mechanisms, and bacterial evolution. 
In earlier studies, isolation of different variants from different in- 
fected sites of patients has helped in the understanding of variabil- 
ity in M. tuberculosis in a wide clinical scenario (5). Furthermore, 
significant differences in the genome of the organisms have been 
documented among different clinical isolates (6). 

Here we report the annotated genome sequence of a M. tuber- 
culosis C2 clinical isolate from the cerebrospinal fluid (CSF) re- 
ceived by the pathology laboratory of the Central India Institute of 
Medical Sciences, Nagpur, India. The routine analysis of CSF was 
performed in the pathology laboratory and was then transferred to 
BacT/Alert 3D bottles for cultivation of the organism. In brief, 
CSF was pelleted and suspended in MP bottles containing Middle- 
brook 7H11 medium. The bottles were loaded into a BacT/ Alert 
3D machine (bioMerieux, Inc, Durham, NC) and incubated at 
37°C for 42 days as per the manufacturer's instructions. After 
checking for the purity of the culture by microscopy, the total 
DNA was isolated and the remaining culture was destroyed as per 
biohazard norms. The Institutional ethics committee of Central 
India Institute of Medical Sciences, Nagpur approved the study. 
Informed consent of the participating subject was obtained. 

The whole-genome shotgun sequencing of M. tuberculosis C2 
was performed on an Illumina MiSeq platform, which generated 
774 MB raw reads sequence data, resulting in more than 100 X 
sequencing coverage. A total of 1,690,781 high-quality reads were 
de novo assembled into 224 contigs, using GS Assembler/CLC 
genomics workbench version 6.0. In order to obtain a functional 
annotation of the genome, all the assembled contigs were anno- 
tated by the NCBI Prokaryotic Genome Annotation Pipeline (re- 
leased 2013). The draft genome size of this strain is 4,377,597 bp 



with a G+C content of 65.5%. The genome possesses a total of 
4,031 genes, including 3,935 coding sequences (CDSs), 53 RNAs, 
and 43 pseudo genes. Also SEED-based subsystem classification 
through Rapid Annotation using Subsystem Technology (RAST) 
(RAST Genome ID: 6666666.70925) analysis revealed that the iso- 
late C2 showed M. tuberculosis NCGM2209 as the closest phylo- 
genetic neighbor (score: 429) (7). In addition, to obtain functional 
genome relatedness, a total of 3,98 1 unigenes were predicted from 
contigs using a Prodigal microbial gene finding program (8). Fur- 
ther, the functional annotation was performed by aligning the 
unigenes to the non-redundant database of NCBI using BLASTx 
with e-value less than le— 6 against the nr database (9). The anal- 
ysis suggested that 93.33% CDS showed a high level of sequence 
similarity to M. tuberculosis; of which 40% CDS corresponds to 
M. tuberculosis H37Rv. The M. tuberculosis C2 genome carries 
multiple genes potentially involved in toxins and showed homol- 
ogy with M. tuberculosis H37Rv. A few hits from M. bovis and 
M. marinum have also been observed. 

Nucleotide sequence accession numbers. This whole-genome 
shotgun project has been deposited at DDBI/EMBL/GenBank un- 
der the accession no. JMEK00000000, and consists of contig se- 
quences JMEK01000001 to JMEK01000224. The version de- 
scribed in this paper is version JMEK00000000.1. 

ACKNOWLEDGMENT 

This work was supported by funds from Central India Institute of Medical 
Sciences, Nagpur, India. 

REFERENCES 

1. World Health Organization. 2011. Global tuberculosis control, p 9. 
World Health Organization, Geneva, Switzerland, http://www.who.int 
/tb/publications/global_report/201 1/en. 

2. Kashyap RS, Deshpande PS, Ramteke SR, Panchbhai MS, Purohit HI, 
Taori GM, Daginawala HF. 2010. Changes in cerebrospinal fluid cytokine 
expression in tuberculous meningitis patients with treatment. Neuroim- 
munomodulation 17:333-339. http://dx.doi.org/10.1159/000292023. 



July/August 2014 Volume 2 Issue 4 e00842-14 



Genome Announcements 



genomea.asm.org 1 



Kashyap et al. 



3. Rock RB, Olin M, Baker CA, Molitor TW, Peterson PK. 2008. Central 
nervous system tuberculosis: pathogenesis and clinical aspects. Clin. Mi- 
crobiol. Rev. 21:243-261. http://dx.doi.org/10.1128/CMR.00042-07. 

4. Cherian A, Thomas SV. 2011. Central nervous system tuberculosis. Afr. 
Health Sci. 11:116-127. 

5. Bryant JM, Schiirch AC, van Deutekom H, Harris SR, de Beer JL, de 
Jager V, Kremer K, van Hijum SA, Siezen RJ, Borgdorff M, Bentley SD, 
Parkhill J, van Soolingen D. 2013. Inferring patient to patient transmis- 
sion of Mycobacterium tuberculosis from whole genome sequencing data. 
BMC Infect. Dis. 1 3: 1 1 0. http://dx.doi.org/ 1 0. 1 1 86/ 147 1 -2334- 1 3- 1 1 0. 

6. Fleischmann RD, Alland D, Eisen JA, Carpenter L, White O, Peterson J, 
DeBoy R, Dodson R, Gwinn M, Haft D, Hickey E, Kolonay JF, Nelson 
WC, Umayam LA, Ermolaeva M, Salzberg SL, Delcher A, Utterback T, 
Weidman J, Khouri H, Gill J, Mikula A, Bishai W, Jacobs WR, Jr, Venter 
JC, Fraser CM. 2002. Whole-genome comparison of Mycobacterium tuber- 



culosis clinical and laboratory strains. J. Bacteriol. 184:5479-5490. http:// 
dx.doi.org/ 10.11 28/JB. 1 84. 1 9.5479-5490.2002. 

7. Aziz RK, Bartels D, Best AA, Dejongh M, Disz T, Edwards RA, Formsma 
K, Gerdes S, Glass EM, Kubal M, Meyer F, Olsen GJ, Olson R, Osterman 
AL, Overbeek RA, McNeil LK, Paarmann D, Paczian T, Parrello B, Pusch 
GD, Reich C, Stevens R, Vassieva O, Vonstein V, Wilke A, Zagnitko O. 
2008. The RAST server: rapid annotations using subsystems technology. 
BMC Genomics 9:75. http://dx.doi.org/10.1186/1471-2164-9-75. 

8. Hyatt D, Chen G-L, Locascio PF, Land ML, Larimer FW, Hauser LJ. 
2010. Prodigal: prokaryotic gene recognition and translation initiation site 
identification. BMC Bioinformatics 11:119. http://dx.doi.org/10.1186/ 
1471-2105-11-119. 

9. Johnson M, Zaretskaya I, Raytselis Y, Merezhuk Y, McGinnis S, Madden 
TL. 2008. NCBI BLAST: a better web interface. Nucleic Acids Res. 36: 
W5-W9. http://dx.doi.org/ 10. 1093/nar/gkn20 1 . 



2 genomea.asm.org 



Genome Announcements 



July/August 2014 Volume 2 Issue 4 e00842-14 



